A numerical model has been developed for the transport of radon gas in the soil-rocks of Afrahotsprings, southern of Jordan using a one-dimensional model diffusion formula. Model Result shows a consistent relation between distance from radiation source and radon concentration. Data model output were in the range of data collected from previous studies.
Introduction
Naturally Occurring Radioactive Material occurs in most soil and rocks, and is some areas of hotsprings, some of the radionuclides are significantly enhanced. An in-situ gamma-ray detector has been used to produce a map of relative activity concentrations in Afrahotsprings in Tafila, Jordan. The activity concentrations are used with global positioning data (GPS) to produce the concentration maps. A hyper-pure germanium gamma-ray detector (HPGe) was used to measure γ-rays from the naturally occurring nuclides for soil and rock samples taken at different points on the site. The purpose of the study is also to review and develop a mathematical model for radon activity concentration predictions in areas of study.
This paper describes an idealized mathematical model that has been used to examine the diffusion of radon into our area of study. Some typical results of the application of the model are presented, together with details of the numerical technique used to produce them.
Methods
This investigation describes the modeling of a distance profile with respect to the radon activity concentration to understand from what distance radon might be migrating along the surface. The study was performed on a hot spring location in the province of Tafila in South of Jordan.
The Afrahotsprings are a potentially Normal source of radon, since the soil and rocks in the area contains radium activity concentrations of typically 200 -300 Bq•kg −1 . A study of the diffusion of the radon will give us a better understanding of its possible pathways through the soil into the air surrounding the hot springs. The conventional [1] mathematical model used to evaluate the transport of radon through a barrier of soil usually treats the problem as one dimensional steady-state molecular diffusion given by Fick's law [2] .
Numerical modeling of 222 Rn is complex and involves a few important physical processes. The core of the hotsprings are considered to be sources of radon since they largely contain the predecessor of radon; 226 Ra. Some factor may be considered when assessing Radon diffusion such as 1) emanation from the soil grains, 2) generation of radon itself, 3) transport of the radon through the hot spring waters and rocks and 4) the pressure variations in the soil and ambient air.
Model Development
There are two main transport processes that dictate radon release from soil. The two processes are diffusion and advection. Advection will not be considered in this study, since its role depends on small pressure changes that tend to average out. In general, the 3D advection-diffusion equation is given by
where C is the activity concentration of radon, λ is the radon decay constant, D h , D v are, respectively, horizontal and vertical diffusion coefficient which is adopted to include all external forces that may impact transport and S is the source rate of radon [3] [4]. Due to the nature of the location of study and the physical nature of radioactive material, the advection terms could be neglected and the modeling in y and z direction could also be dropped. Hence, our model may have the form of
On the right hand side of the equation the first term relates to the change of radon atoms due to diffusion while the second and third terms relate to the decay of radon atoms and the creation of radon respectively. The boundary conditions are: C → C min as x → ∞ where the x-axis is chosen horizontally and C → C max as x → 0 at the core area of the hotsprings. The radon concentration at the infinity (C 0 ) will be close to zero. Assume steady state diffusion as well as no pressure changes. The solution to the above equation is then ( ) 
Radon Gas Measurements
Our measurements can be listed in the following Table 1 with the corresponding distance from the core of the hotsprings, alongside with model results.
Results and Discussions

One-Dimensional Diffusion Equation
The one-dimensional diffusion equation was solved (within certain boundary conditions) and last equation yields the results plotted in Figure 1 . The radon concentrations are presented as a function of depth for different (diffusion lengths) values. These predictions assume that only diffusion is considered to have an effect on the radon soil-gas. It is clear from the graph that a very short diffusion length (l) would cause a very rapid increase in the radon soil-gas with increasing depth. One limitation with this analytical model is that it does not explain the radon concentrations at depths closer to the surface of the tailings. One of the possible reasons is that at these depths, pressure changes on the surface of the mine dump could influence the radon soil-gas close to the surface. The model predicts radon concentrations that tend to the maximum radon concentration assumed in the model round about 200 kBq•m −3 as indicated in Figure. It has been suggested that a significant contribution to the amount of radon gas in rocks and air of Afra could be due to the ingress of radon through cracks in the floor [5] . Here, the radon is assumed to be produced by the soil, or the rocks contained within it. This introduces radon into the interstitial areas of Afra soils and its soil gas system. The destitution of radon concentration into our area of study and based on our results, shows that the driving mechanism for transport of radon along our 1-dimension area of study. A possible interpretation of the result is that the movement is dominated by diffusion. Radon could diffuse through the air-pore system in soil-rock environment, where the soil gas is assumed to be relatively stationary. The radon is preferentially drawn to the boundary between soil and atmospheric air, this is because atmospheric air moves more freely than the soil gas. Further, the atmosphere does not contain a soured of radon. Another view of the results is the soil gas velocity contributes of the transport of radon. This mainly comes from the (small) difference in pressure between Afra selected locations of measurements. Air velocity is proportional to this pressure gradient (difference). 
Conclusion and Future Work
The measurements of radon concentration in the longitude of our area of study have shown the existence of a good longitude-dependence [6] [7] . The radon concentration tends to decrease as distance from source is increased. Further investigations might be needed for soil type and relating it for the developed model or more proposed sophisticated modeling efforts. Some work might also be needed in incorporating pressure effects. Collecting two dimensional data is a bit challenging, in particular in that rugged or bumpy area.
